General Terms: Algorithms, Irreducible polynomial.
Introduction:
A basic polynomial BP(x) over finite field or Galois Field GF(p q ) is expressed as, BP(x) = a q x q + a q-1 x q-1 + ---+ a 1 x + a 0.
B(x) has (q+1) terms, where a q is non-zero and is termed as the leading coefficient [2] . A polynomial is monic if a q is unity, else it is non-monic. The GF(p q ) have (p q -p) elemental polynomials ep(x) ranging from p to (p q -1) each of whose representation involves q terms with leading coefficient a q-1 . The expression of ep(x) is written as, ep(x) = a q-1 x q-1 + ---+ a 1 x + a 0 , where a 1 to a q-1 are not simultaneously zero.
Many of BP(x), which has an elemental polynomial as a factor under GF(p q ), are termed as reducible. Those of the BP(x) that have no factors are termed as irreducible polynomials IP(x) [3] [4] and is expressed as, IP(x) = a q x q + a q-1 x q-1 + ---+ a 1 x + a 0 , where a q ≠ 0.
In Galois field GF(p q ), the decimal equivalents of the basic polynomials of extension q vary from p q to (p q+1 -1) while the elemental polynomials are those with decimal equivalents varying from p to (p q -1). Some of the monic basic polynomials are irreducible, since it has no monic elemental polynomial as a factor. The method in this paper is to look for the decimal equivalents of the reducible polynomials with multiplication, addition and modulus, of the p-nary coefficients of each term of each two monic elemental polynomials to obtain the decimal equivalent of the pnary coefficients of each term of the resultant monic basic polynomial. The resultant monic basic polynomials are termed as reducible polynomials, since it is the product of two monic elemental polynomials. The polynomials belonging to the list of reducible polynomials are cancelled leaving behind the monic irreducible polynomials. A non-monic irreducible polynomial is computed by multiplying a monic irreducible polynomial by α where α ∈ GF(p) and assumes values from 2 to (p-1). In literatures, to the best knowledge of the present authors, there is no mention of a paper in which the composite polynomial method is translated into an algorithm and in turn into a computer program.
Since 1967 researchers took algorithmic initiatives, followed by computational time-complexity analysis, to factorize basic polynomials on GF(p q ) with a view to get irreducible polynomials, many of them are probabilistic [5] [6] [7] [8] in nature and few of them are deterministic [9] [10] . One may note that the deterministic algorithms are able to find all irreducible polynomials, while the probabilistic ones are able to find many, but not all. The irreducible polynomial over GF (2 8 ) was first used in cryptography for designing an invertible 8-bit S-Box of AES [11] [12] [13] . The technique involves finding all multiplicative inverses under an irreducible polynomial is available in [14] [15] [16] [17] .
For convenient understanding, the proposed algebraic method is presented in Sec. 2 for p=7 with q=7. The method can find all monic and non-monic irreducible polynomials IP(x) over GF (7 7 ). Sec. 3 is demonstrates the obtained results to show that the proposed searching algorithm is actually able to search for any extension of the Galois field with any prime of GF(p q ), where p= 3, 5, 7,....,101,..,p and q= 2, 3, 5, 7,…,101,….q. In Sec.4 and 5, the conclusion of the paper and the references are illustrated. A sample list of the decimal equivalents of the monic irreducible polynomials over Galois Field GF (7 7 ) is given in Appendix.
Algebraic method to find Irreducible Polynomials over GF(p q )
The basic idea of the algebraic method is to split the decimal equivalents of each monic elemental polynomial of a monic Basic Polynomial, any two at a time, into p-nary coefficients of each term of those monic elemental polynomials. Then multiply the p-nary coefficients to obtain each coefficients of the term with equal degree of each term of monic basic polynomials. All the multiplied results are then added to obtain the decimal coefficients of each term of the resultant monic basic polynomial. The decimal coefficients of each term of resultant monic basic polynomial are then reduced to p-nary coefficients of each term of that polynomial. The decimal equivalents of resultant monic basic polynomials with p-nary coefficients of each term are the decimal equivalents of the monic reducible polynomials since it has two monic elemental polynomials as its factor. The polynomials belonging to the list of monic reducible polynomials are cancelled leaving behind the monic irreducible polynomials. A non-monic irreducible polynomial is computed by multiplying a monic irreducible polynomial by α where α ∈GF(p) and assumes values from 2 to (p-1). The algebraic method to find the monic Irreducible polynomial over GF (7 7 ) is demonstrated in section 2.2 and the extension to any Galois Field GF(p q ) is described in section 2.2. The general method to develop each block of the algorithm of the algebraic method is demonstrated in section 2.3. The pseudo code for the above algebraic method is described in section 2.4.
Algebraic method to find Irreducible Polynomials over Galois Field GF(7 7 ).
Here the interest is to find the monic irreducible polynomials over Galois Field or GF (7 7 ).where p=7 is the prime field and q=7 is the extension of that prime field. Since the indices of multiplicand and multiplier are added to obtain the product. The extension q=7 can be demonstrated as a sum of two integers d 1 and d 2 , The degree of highest degree term present in elemental polynomials of GF (7 7 ) is (q-1) = 6 to 1, since the polynomials with highest degree of term 0, are constant polynomials and they do not play any significant role here, so they are neglected. Hence the two set of monic elemental polynomials for which the multiplication is a monic basic polynomial where p=7, q=7, have the degree of highest degree terms d 1 Here the interest is to find the monic irreducible polynomials over Galois Field GF(p q ), where p is the prime field and q is the extension of the field. Since the indices of multiplicand and multiplier are added to obtain the product. The extension q can be demonstrated as a sum of two integers, d 1 Similarly all the decimal equivalents of all the resultant basic polynomials or reducible polynomials for all a and its corresponding b values are calculated. The polynomials belonging to the list of reducible polynomials are cancelled leaving behind the irreducible polynomials. Non-monic irreducible polynomials are computed by multiplying a monic irreducible polynomial by α where α ∈GF(p) and assumes values from 2 to (p-1) .
General Method to develop each block of the Algorithm of the New Algebraic Method.
Prime field: p Extension of the field: q. 0<p1<N(d1)-1, 0<p2<N(d2)-1, and indx = indx1+indx2.
Pseudo code:
The pseudo code of the (q/2-1) th block of above algebraic code for Galois Field GF(p q ) is described as follows, where ep[0] and ep [1] are the arrays of all possible decimal equivalents of 1 st and 2 nd monic elemental polynomials respectively. EP 0 , EP 1 are the arrays consists of P-nary coefficients of 1 st and 2 nd monic elemental polynomials respectively. BP is the array consists of P-nary coefficients of the resultant monic basic polynomial. Decm_eqv(BP(x)) is the decimal equivalent of the resultant monic basic polynomial. 
Results.
The algebraic method or the above pseudo code has been tested on GF(7 3 ),GF (11 3 ), GF(101 3 ) and GF (7 5 ). Numbers of monic Irreducible polynomials are same as in hands on as well as previous calculations [18] . The list of Numbers of monic irreducible polynomials are given below for the above four Extended Galois Fields. The list of all Irreducible monic basic polynomials of four extended Galois fields are available in reference [19] [20] [21] [22] . The Sample list of monic Irreducible Polynomial over GF (7 7 ) is given in Appendix and also available in the link given [23] . To the best knowledge of the present authors, there is no mention of a paper in which the composite polynomial method is translated into an algorithm and turn into a computer program. The new algebraic method is a much simpler method similar to composite polynomial method to find monic irreducible polynomials over Galois Field GF(p q ). It is able to determine decimal equivalents of the monic irreducible polynomials over Galois Field with a larger value of prime, also with large extensions. So this method can reduce the complexity to find monic Irreducible Polynomials over Galois Field with large value of prime and also with large extensions of the prime field. So this would help the crypto community to build S-Boxes or ciphers using irreducible polynomials over Galois Fields with a large value of prime, also with the large extensions of the prime field. 
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